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(54) ZOOM LENS 
(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a zoom lens of a rear focus system of a 
4-group type having good optical performance over the entire variable 
magnification range from a wide angle end to a telephoto lens and the entire part 
of an object distance from an infinite object to an ultra-close object. 
SOLUTION: This zoom lens has four lens groups; successively from an object 
sidea first group L1 of positive refracting powera second group L2 of negative 
refracting powera third group L3 of positive refracting power and a fourth group 
L4 of positive refracting power and executes variable magnification by moving 
the second group and the third group and executes focusing by moving the fourth 
group. In such a casethe first group has a diffraction optical element rotationally 
symmetrical with the optical axis. The zoom lens satisfies the conditions 
3.8<bfw/fw<5.2 when the air computation distance from the final lens face to the 
image plane at the wide angle end is defined as bfw and the focal length of the 
entire system at the wide angle end as fw. 



CLAIMS 



[Claim(s)] 

[Claim 1]The 1st group of refracting power more positive than the object side to 
orderthe 2nd group of negative refracting powerthe 3rd group of positive 
refracting powerAnd in a zoom lens which has four lens groups of the 4th group 
of positive refracting powermoves this 2nd group and the 4th groupperforms 
variable powermoves this 4th groupand performs a focusA zoom lens when it 
has a diffraction optical element symmetrical with rotation to an optic axis and 
this 1st group is set [ a focal distance of the whole system / in / for air operation 
distance from the last lens side in a wide angle end to the image surface / bfw 
and a wide angle end ] to fwwherein it satisfies'conditions which become 
3.8<bfw/fw<5.2. 

[Claim 2]A zoom lens of Claim 1 satisfying conditions which become 0.31 <f4- 
/f3<0.45 when a focal distance of said i-th group is set to fi (i= 1234). 
[Claim 3]Claim 1 wherein said diffraction optical element has positive refracting 
poweror 2 zoom lenses. 

[Claim 4]When setting a focal distance of the whole system [ in / for a focal 

distance of said 1st group / f1 and a tele edge ] to fT[Equation 1] 

"1 



A zoom lens of Claim 1 satisfying becoming conditions2or 3. 
[Claim 5]A zoom lens of any 1 paragraph of Claim 1 wherein said diffraction 
optical element comprises two-layer composition which comprises 1 lamination 
or construction material from which distribution differs mutually to 4. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]Especially this invention about a zoom lens by using a 
diffraction optical element for a part of lens system Several aberrationThe 
photographic camera and video camera with a long back focus of the grade 
which amends especially a chromatic aberration good and can arrange the prism 
for many boardsa reflectoretc. to lens system backAnd it is related with the zoom 
lens which attained the miniaturization of the whole lens system of a high 
variable power ratio by the large caliber ratio used for the camera for 
broadcastetc. 
[0002] 

[Description of the Prior Art]These daysin connection with small weight 
savingssuch as a home video camerathe zoom lens for an image pick-up is also 
miniaturized. Shortening of whole length of the lensminiaturization of a front ball 
diameterand simplification of lens constitution are attained especially. 
[0003]The so-called zoom lens of the rear focus type which moves lens groups 
other than the 1st group by the side of an objectand performs a focus as one 
means to attain the miniaturization of the whole lens system is known. 
[0004]Generally compared with the zoom lens which the zoom lens of a rear 
focus type moves the 1st groupand performs a focusthe effective diameter of the 
1st group becomes smallThe miniaturization of the whole lens system becomes 
easyand there are the featureslike close photographingespecially since close 
photographing becomes very easy and it is carrying out by moving a further 
comparatively small lightweight lens groupthe driving force of a lens group is 
smalland endsand quick focusing is made. 

[0005]As a zoom lens of such a rear focus typefor example JPS62-215225Aln 
JPS62-206516AJPS62-24213AJPS63-247316Aand JPH4-43311A. The 1st 
group of refracting power more positive than the object side to orderthe 2nd 
group of negative refracting powerthe 3rd group of positive refracting powerAnd 
the zoom lens of the 4 group type rear focus type which had four lens groups of 



the 4th group of positive refracting powermoved the 2nd groupperformed variable 
powermoved the 4th group and performed the image surface fluctuation 
accompanying variable power and a focus is proposed. 
[0006]On the other handhigh optical performance has been obtained in many 
zoom lensesattaining the miniaturization of the whole lens system amending 
several aberration good by establishing an aspheric surface into a lens system. 
[0007]The optical system which provided and amended the diffraction optical 
element which has a diffraction operation about the chromatic aberration among 
several aberrations to a part of lens side or optical system other than the method 
of amending combining the ** material from which distribution differsFor 
exampleit is proposed by JPH4-213421 AJPH6-324262AUS5268790Betc. Among 
thesein US5268790Bthe zoom lens which used the diffraction optical element for 
the 2nd group and the 3rd group is proposed. 
[0008] 

[Problem(s) to be Solved by the lnvention]The featureslike if a rear focus method 
is generally adopted in a zoom lensthe whole lens system will be miniaturizeda 
focus quick again will become possibleand also close photographing becomes 
easy are acquired. 

[0009]Howeverthe problem that the aberration variation in the case of a focus 
becomes largeand it becomes very difficult to obtain high optical performance 
covering the object distance at large [ from an infinite distance object to a short 
distance object ] on the other hand arises. 

[0010]For examplethe problem that it becomes very difficult for change of the 
chromatic aberration by variable power to become large with the zoom lens of 
high variable power by a large caliber ratioand to migrate to all the variable 
power rangesand to obtain high optical performance covering the object distance 
at large arises. 

[001 1]ln order that especially a zoom ratio may amend the chromatic aberration 
generated within the 1st group or the 4th group with the zoom lens which 
comprises four groups of the high variable power ratio of 10 times or morea 



lamination lens is used in many cases. And to the lens groupby using an 
aspheric surfacethe lens number of sheets of a lens group is reducedand the 
method of shortening whole length of the lens is taken. 
[0012]Howeverif lens number of sheets is reducedthe element which amends a 
chromatic aberration will become insufficientand it becomes difficult to amend 
change of the chromatic aberration accompanying variable power good. 
[001 3]A chromatic aberration is also mitigable if low distribution glass is generally 
used for a positive lens. Howevergenerally the glass of low distribution becomes 
lens shape with difficult processing with a low refractive index easily. If refracting 
power of the 1st group or the 4th group is weakened in the above-mentioned 4 
group zoom lens for this reasonrefracting power of other lens groups must also 
be weakened according to thisthe path of the 1st group or the 4th group will need 
to become largewill need to increase the lens thickness of the 1st group or the 
4th group as a resultand whole length of the lens will become huge. If refracting 
power of the 1st group is weakenedthe back focus in a wide angle end will 
become shortand it becomes difficult to arrange a light filtera color separation 
prismetc. behind a lens system. 

[0014]ln a 4 group type zoom lensthis invention by setting up the lens 
constitution of each lens group appropriatelythe object distance from an infinite 
distance object to [ migrates to all the variable power ranges from a wide angle 
end to a tele edgeand ] a super-near object crossing generally -- fitness it 
aims at offer of the long zoom lens of the back focus of a high variable power 
ratio by a large caliber ratio with optical performance. 
[0015]ln the zoom lens of a 4 group type rear focus typea diffraction optical 
element is especially introduced into the 1st groupReduce the lens number of 
sheets of the 1st groupand attain the miniaturization of whole length of the 
lenscarry out the weight saving of the 1st groupreducing the chromatic aberration 
generated by the 1st group by using a diffracted-light study operationand. It aims 
at offer of the zoom lens of the long rear focus type of the back focus which has 
good optical performance over all the variable power ranges from a wide angle 



end to a tele edge. 
[0016] 

[Means for Solving the Problem]A zoom lens (1-1) of this inventionand the 1st 
group of refracting power more positive than the object side to orderln a zoom 
lens which has four lens groups of the 2nd group of negative refracting powerthe 
3rd group of positive refracting powerand the 4th group of positive refracting 
powermoves this 2nd group and the 4th groupperforms variable powermoves this 
4th groupand performs a focusThis 1st group is 3.8<bfw/fw<5.2when it has a 
diffraction optical element symmetrical with rotation to an optic axis and a focal 
distance of the whole system [ in / for air operation distance from the last lens 
side in a wide angle end to the image surface / bfw and a wide angle end ] is set 
tofw. -(1) 

It is characterized by satisfying becoming conditions. 
[0017] 

[Embodiment of the lnvention]The lens sectional view of the wide angle end of 
numerical working example 1 of this invention drawing 2 - drawing 4 of drawing 1 
are a wide angle end of numerical working example 1 of this inventionmiddleand 
an aberration figure of a tele edge. The lens sectional view of the wide angle end 
of numerical working example 2 of this invention drawing 6 - drawing 8 of drawing 
5are a wide angle end of numerical working example 2 of this 
inventionmiddleand an aberration figure of a tele edge. 

[0018]Nextthe feature of the lens constitution of drawing 1 and numerical working 
example 1 and 2 of drawing 5 is explained. In drawing 1 and drawing 5 L1 is the 
1st group of positive refracting powerthe 2nd group of refracting power negative 
in L2the 3rd group of refracting power positive in L3and the 4th group of 
refracting power positive in L4. SP is an aperture diaphragm and is stationed 
ahead of the 3rd group L3. G is glass blockssuch as a color separation optical 
systema faceplatea filter. IP is the image surface. 

[0019]ln this embodimenton the occasion of the variable power from a wide angle 
end to a tele edgethe 2nd group is moved to the image surface side like an 



arrowand the 4th group was moved having a convex locus in the object sideand 
the image surface fluctuation accompanying variable power is amended. 
[0020]The rear focus type which moves the 4th group on an optic axis and 
performs a focus is adopted. The curve 4a of the solid line of the 4th group and 
the curve 4b of a dotted line which are shown in the figure show the moving track 
for amending the image surface fluctuation at the time of following on the variable 
power from a wide angle end when carrying out the focus to the infinite distance 
object and the short distance object respectively to a tele edge. The 1st group 
and the 3rd group are immobilization in the case of variable power and a focus. 
In order to lessen the variable power assignment of the 2nd groupthe 1st group 
may be moved in the case of variable power. 

[0021 ]ln this embodimentmove the 4th group and the image surface fluctuation 
accompanying variable power is amendedand the 4th group is moved and it is 
made to perform a focus. It is made to move so that it may have a convex locus 
to the object side on the occasion of the variable power from a wide angle end to 
a tele edgeas shown especially in the curves 4a and 4b of the figure. This aimed 
at effective use of the space of the 3rd group and the 4th groupand shortening of 
whole length of the lens is attained effectively. 

[0022]ln this embodimentwhen performing a focus from an infinite distance object 
to a short distance object in a tele edgeit is carrying out by letting out the 4th 
group to the frontas shown in the straight line 4c of the figure. 
[0023]ln this embodimentat least one diffraction optical element was provided in 
the 1st groupthe phase was set up appropriatelythe chromatic aberration which 
this generates by the 1st group was reducedand the chromatic aberration is 
amended good over all the variable power ranges. 

[0024]the - one - a group - a diffraction optical element - nothing - a refracting 
interface (lens) - accepting it - coming out - a chromatic aberration - it is going 
to reduce - if a lens - number of sheets - increasing - or -- 
otherwiseanomalous dispersion glass - it will be necessary to use - although - 
such a glass material - for exampleFKOI (trade name) representing - having - 



- as - general soft -- processing - it is difficult . 

[0025]ln the case of the twice [ high ] as many zoom lens which thinks image 
quality as important especially as thiseven if it uses anomalous dispersion 
glasssufficient amendment may not sometimes be able to be performed 
dramatically. Since the 1st group becomes [ the path of a lens ] large as 
compared with other lens groups in many casesif the number of sheets of a lens 
is increasedthe weight of the whole lens will increase and user-friendliness will 
worsen. 

[0026]Soin this inventionthe chromatic aberration is amended goodusing a 
diffraction optical element for the 1st groupand lessening the lens number of 
sheets of the 1st group. He is trying for the air operation distance (distance when 
plane-parallel platessuch as a filterare removed) bfw from the lens final surface in 
a wide angle end to the image surface to fill a conditional expression (1). 
[0027]ln the case of the video lens which thinks image quality as importanttwo or 
more image sensors may be usedbut the prism for distributing the color assigned 
to each image sensor at this time is needed. Howeverif less than the minimum of 
a conditional expression (1)the space which a back focus becomes short too 
much and into which prism is put will become insufficient. On the contraryif it 
exceeds the maximum of a conditional expression (1)the overall length of the 
whole lens will be prolongedand it will be a user-unfriendly lens as a result. 
[0028]The diffraction optical element in this embodiment is manufactured in 
binary by the lithographic technique which is the manufacture technique of a 
holographic optical element (HOE). A diffraction optical element may be 
manufactured by the binary optics (BINARY OPTICS). In this casein order to 
raise diffraction efficiencyit may be made the shape of the shape of a saw called 
kino form. It may manufacture by molding by the direction manufactured by these 
methods. 

[0029]The shape of the diffraction optical element in this embodiment is phi(h) =2 
pi/lambda (C2-h 2 +C 4 -h 4 + .... C(2i) andi-h 2i )when lambda and distance from an optic 
axis are set to h and it sets a phase to phi (h) for a reference wavelength (d line). 



It is expressed with a ** type. 

[0030]Although the zoom lens made into the purpose of this invention is attained 

by satisfying the above terms and conditionsit is good preferably on aberration 

compensation to satisfy at least one of the following conditions. 

[0031 ]r-D When the focal distance of said i-th group is set to fi (i= 1234)it is 

0.31<f4/f3<0.45. - (2) 

It is satisfying the becoming conditions. 

[0032]When the refracting power of the 3rd group becomes strong too much so 
that it exceeds the maximum of a conditional expression (2)the distance to a lens 
final surface and the image surface becomes shortand it becomes- impossible to 
insert optical memberssuch as prism. On the contraryif the refracting power of 
the 3rd group becomes weak too much so that it is less than the minimum of a 
conditional expression (2)the distance to a lens final surface and the image 
surface will become longand the overall length of the whole lens will be 
prolonged as a resultand it will be a user-unfriendly lens as a result. 
[0033]r-2) Said diffraction optical element is having positive refracting power. 
[0034]The 1st group has positive refracting powerand in order to negate the 
chromatic aberration generated by refraction by a diffraction optical elementit is 
giving positive refracting power to the refracting power of the diffraction optical 
element. Temporarilyif refracting power of a diffraction optical element is made 
negativethe usual dioptric system and the chromatic aberration to generate will 
become the samethe prosaic effect by a diffraction optical element does not 
show upbut it becomes impossible to amend sufficient chromatic aberration in 
the optical system whole region. 

[0035]r-3) When setting the focal distance of the whole system [ in / for the focal 
distance of said 1 st group / f 1 and a tele edge ] to fT[0036] 
Equation 2] 

I 



It is satisfying the becoming conditions. 



[0037]When refracting power of the 1st group is strengthened so that it is less 
than the minimum of a conditional expression (3)it becomes impossible to negate 
enough the chromatic aberration generated according to a dioptric system by a 
diffraction optical elementand it becomes impossible to amend sufficient 
chromatic aberration in the optical system whole region. Creation of a diffraction 
optical element becomes difficult. On the contraryif refracting power of the 1st 
group is weakened so that it exceeds the maximum of a conditional expression 
(3)the space for the back focus in a wide angle end becoming short too muchand 
inserting optical memberssuch as prismwill become insufficient. 
[0038]r-4) The 2nd group is having at least two negative lensesone positive 
lensand negative lens in order from the object side. 

[0039]r-5) The 3rd group is that meniscus-like a negative lens and both lens sides 
have a convex positive lens in order from the object side. 
[0040]r-6) The 4th group is having a positive cemented lens of a positive lensa 
negative lensand a positive lens as a whole in order from the object side. 
[0041]ln order to perform sufficient chromatic aberration correction by the 1st 
group in this inventionall the lenses of the 1st groupWhen making a coefficient of 
a quadratic term of a diffraction optical element of flinuli (i= 12 ....)and the 1st 
group into C21 for a focal distance and an Abbe numberrespectivelyit is |0.5797 
and C 2 i+sigma{1/(f1 i-nu 1i)} | and f1 <9.8x10- 3 . - (4) 
It is desirable to satisfy becoming conditions. 

[0042]ln a conditional expression (4)they are conditions for a prosaic effect in a 
dioptrics side and a diffraction optical surface to be compounded about the 1st 
groupand for a chromatic aberration fully amend. 

[0043]Generallyan Abbe number (variance) of a dioptric system is nud=(Nd- 
1)/(NF-NC)when dCand refracting power in each wavelength of an F line are set 
to NdNCand NF. 
It is come out and expressed. 

[0044]nud=lambdad/when variance nud in a diffraction optical surfaceon the 
other handsets each wavelength of d lineC lineand an F line to 



lambdadlambdaCand lambdaF (lambdaF-lambdaC) 
It comes outand it is expressed and is set to nud=-3.45. 

[0045]The refracting power psi of the paraxial primary diffracted light in dominant 
wavelength of a diffraction optical surface is expressed as psi=-2 and C2when a 
coefficient of a quadratic term is made into C2 from a front type showing a phase 
of a diffraction optical surface. 

[0046]Since a chromatic aberration generated by a certain group is proportional 
to psi/nuquantity equivalent to this becomes -2 and C2/(-3.45) =0.5797 and C2 in 
a diffraction optical surface. 

[0047]At a dioptric systemthis quantity is sigma1/(f-nu). 

It becomes. Thereforeit turns out that chromatic aberration correction of that 

group is fully performedso that this sum is [ zero ] near. 

[0048]Since amendment of a chromatic aberration generated in the 1st lens 

group will become insufficient if within the limits of a conditional expression (4) is 

exceededit is not good. 

[0049]A thing of 1 lamination of kino form shape of one layer shown in drawing 9 
as composition of a diffraction optical element used by this embodimenta thing of 
two-layer composition which laminated two layers from which grid thickness as 
shown in drawing 12 differs (or it is the same)etc. are applicable. 
[0050] Drawing 10 is the wavelength dependence characteristic of diffraction 
efficiency of the primary diffracted light of the diffraction optical element 101 
shown in drawing 9 . Composition of the actual diffraction optical element 101 
applies ultraviolet curing resin to the surface of the substrate 102and forms the 
layer 103 of the grid thickness d that diffraction efficiency of the primary diffracted 
light will be 100% on wavelength of 530 nm at a resin part. 
[0051 ]lt falls as diffraction efficiency of a design degree separates from optimized 
wavelength of 530 nm so that clearly [ in drawing 10 ] and on the other 
handdiffraction efficiency of the zero-order diffracted light of a degree near the 
design degree and the secondary diffracted light is increasing. An increase in the 
diffracted lights other than the design degree serves as the flareand leads to a 



fall of resolution of an optical system. 

[0052]The MTF characteristic in each field angle omega to spatial frequency at 
the time of creating numerical working example 2 by the shape of a lattice type of 
drawing 9 is shown in drawing 11 . 

[0053]The wavelength dependence characteristic of diffraction efficiency of the 
primary diffracted light of a diffraction optical element of a lamination type which 
laminated the two layers 104105 shown in drawing 12 is shown in drawing 13 . 
[0054]in drawing 12 it consists of ultraviolet curing resin (nd=1.499nud=54) on the 
substrate 102 - 104 [ layer / 1st ] is formed and it consists of another ultraviolet 
curing resin (nd=1 .598nud=28) on it - 1 05 [ layer / 2nd ] is formed. In 
combination of this construction materialthe grid thickness d1 of 104 is setting the 
1st layer of grid thickness d2 of d1=13.8micrometer and the 2nd layer 105 to 
d2=10.5micrometer. 

[0055]By using a diffraction optical element of a laminated structure so that 
drawing 13 may showdiffraction efficiency of a design degree has the high 
diffraction efficiency of not less than 95% throughout the using wavelength. 
[0056]The MTF characteristic in each field angle omega to spatial frequency at 
the time of creating numerical working example 2 by the shape of a lattice type of 
drawing 12 is shown in drawing 14 . If a diffraction optical element of a laminated 
structure is usedMTF of low frequency will improve and the desired MTF 
characteristic will be obtained. Thusoptical performance is further improvable if a 
laminated structure is used as a diffraction optical element concerning this 
invention. 

[0057]Not a thing that limits construction material to ultraviolet curing resin but 
other plastic materials can be used as a diffraction optical element of the above- 
mentioned laminated structureand the 1st layer 104 may be directly formed in a 
substrate depending on a substrate. Each grid thickness does not necessarily 
need to differand as shown in drawing 15 depending on combination of 
materialgrid thickness of the two layers 104 and 105 may be made equal. 
[0058]ln this casesince the shape of a lattice type is not formed on the surface of 



a diffraction optical elementit can excel in protection-against-dust natureand the 
assembly-operation nature of a diffraction optical element can be raised. 
[0059]Nextnumerical working example of this invention is shown, in numerical 
working example - ri - the object side - order - it is a curvature radius of the i-th 
lens sideandas for dithe i-th lens thickness and air spacingand ni and nui are a 
refractive index and an Abbe number of glass of the i-th lens in order from the 
each object side in the object side. The above-mentioned monograph affair type 
and a relation of numerical working example are shown in table-1 . 
[0060]When aspherical surface shape makes positive a direction of movement of 
a Y-axis and light to the X-axisan optic axisand a perpendicular direction at an 
optical axis direction and a paraxial curvature radiusKBCDEand F are 
respectively made into an aspheric surface coefficient for R[0061] 
Equation 3] 
IF 



It expresses with the becoming formula. "D-OX" means "10 x ." 
[0062] 

[External Character 1] 




[0063] 

[External Character 2] 



s 



[0064] 
[Table 1] 




[0065] 

[Effect of the lnvention]ln [ according to this invention ] an above (**- 1) and 4 
group type zoom lensBy setting up the lens constitution of each lens group 
appropriatelythe object distance at large [ from an infinite distance object to / 
migrates to all the variable power ranges from a wide angle end to a tele edge 
and / a super-near object ] can be coveredand the long zoom lens of the back 
focus of a high variable power ratio can be attained by a large caliber ratio with 
good optical performance. 

[0066]c-2) A diffraction optical element is introduced into the 1st group in the 
zoom lens of a 4 group type rear focus typeReduce the lens number of sheets of 
the 1st groupand attain the miniaturization of whole length of the lenscarry out 
the weight saving of the 1st groupreducing the chromatic aberration generated by 
the 1st group by using a diffracted-light study operationand. The zoom lens of the 
long rear focus type of the back focus which has good optical performance over 
all the variable power ranges from a wide angle end to a tele edge can be 
attained. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The lens sectional view of numerical working example 1 of this 
invention 



[Drawing 2] The aberration figure of the wide angle end of numerical working 
example 1 of this invention 

[Drawing 3] The middle aberration figure of numerical working example 1 of this 
invention 

[Drawing 4] The aberration figure of the tele edge of numerical working example 1 
of this invention 

[Drawing 5] The lens sectional view of numerical working example 2 of this 
invention 

[Drawing 6] The aberration figure of the wide angle end of numerical working 
example 2 of this invention 

[Drawing 7] The middle aberration figure of numerical working example 2 of this 
invention 

[Drawing 8] The aberration figure of the tele edge of numerical working example 2 
of this invention 

[Drawing 9] The explanatory view of the diffraction optical element concerning this 
invention 

[Drawing 10] The explanatory view of the wavelength dependence characteristic 
of the diffraction optical element concerning this invention 
[Drawing 11] The MTF characteristic figure of the diffraction optical element 
concerning this invention 

[Drawing 12] The explanatory view of the diffraction optical element concerning 
this invention 

[Drawing 13] The explanatory view of the wavelength dependence characteristic 
of the diffraction optical element concerning this invention 
[Drawing 14] The MTF characteristic figure of the diffraction optical element 
concerning this invention 

[Drawing 15] The explanatory view of the diffraction optical element concerning 
this invention 
[Description of Notations] 
L1 The 1st group 



L2 The 2nd group 

L3 The 3rd group 

L4 The 4th group 

SP Diaphragm 

IP Image surface 

deltaM meridional image surface 

deltas sagittal image surface 

d d line 

g g line 

101 Diffraction optical element 

102 Base . 
103104105 Layer 
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[0 0 04] -(glcy-f-7*-*7iC©X-AU>X 



l*m 1 ®*W!l\l£*£T-? *-t>X->k'&oX-Lx\,yX\z 

it^TM 1 8 © wsmiayj^ < £ y , u >x&£tt<*)'jx 
t#y. MitJt^W'j^Sft©uvxi¥^B)?-y-Tff 

[0 0 0 5] C0J:?^y-\7-7^— A7xiCCDX-^U 
VX(t LTx A^.UWNa 6 2-2 1 5 2 2 5#ii$B 
^ ffl!BB6 2-2065 1 6^?g, &HBS6 2-2 

42 1 itMBa63-247 3 1 twm., * 

LT&PV4-4 3 3 1 1 mUMTtiis »<*«]«£ yjlfc 
IE<DE*/r 7D0SS 1 P. »<D/S»T730m2^ IE0J2ffr73 
<DSg3S^ ZLTiEOMtfit><D&4®<04W\syX& 
«WL *2S*»«*-eTWg*?Tl,\ m4gf£#i) 
**T»Blcff3«HHatti7*-*X*fron:4»* 
'T7Oy-V-7*-*7siC0X-AUVX* ,: ^?tlT 

[0 0 0 6] #<©X-AU>XICJ5^T»*. U 

vXR<t»fc#*IB*IIKt* C t ic J: o T^iRM^aSflc 
ffiiELOO, UVX^±ftfl)'J^b^0yoo. 

[0 0 0 7] X, sSiRg<0-55feiRgKO^Tte#ii!W) 

ttT*ELfc**«tf. «Jltf1tll¥4-2 1 342 1 
*a«HM*BI¥ 6-324262 mOMs #BH*IMI 
5, 2 6 8, 7 9 0*t!?T*}fg3-*1.7V&„ £<D5-5. 
*H^Wm5. 2 6 8, 7 9 0*T(**2»t*3»K 

[0008] 

few y +-7 * - t u>xm£<* 
^'MJ{b?nxffl3i^37*-*7^Ri^i:sy^ wit 

[0 0 0 9] LfrLfctfSS®, 7*-»XOBW)i0a6 

ts. o T < 3 t> 5 imOtf£ < 3« 
[0 0 10] ^□StbTSSfg<DX-/»U>X 

[0011] «(cX-AJt^1 0m±OiSSfgJ±O4 

m J; y fiesx-AuvXT-iis 1 s^gHgrtT-^-r 
tc<fc y uvxascouvxftia^Hij^Ls u>x^^s 

[0 0 12] L^LfttfS. U>X«f^S5r<!:feiR 



(3) 



&Bfl2 0 0 0-1 2 1940 



[0 0 13] -j&KIEUVXKtettfi^Xfcffllvh. 

1 mx.itm4&<Dmtf±z <r^mmt ltm 1 s¥^sg 
4 p<d uvx^iw^ti-r^g*^ ut u>X£«ff«* 
<bLT<*o miposj/f^iK-rstiEftssic 
fctt*/ \" y >? 7 * -a xtm < s y , \syx&<DW5\z 

[0014] *mm, 4p^-rxox-ZxU>xtcfc 
c*t. & u >xmo \, yxmmzmmznmt a z. t \z 

[0 0 15] mz % 4P^-rX<D'J+-7*-*XiC(0 
X-Al^>Xlcfcl>Tm 1 »lE0SrJt¥«?«»AL. 

iawtt*ttftfwi*«iir * c t 1 i¥?5g£-rs£ 
jo»*ft*Lo-3* 1 »©u>x«ia^giML, uvx 

zx&temtttzjt'ytyt-tixto&i^j-*--?* 

-t)X3,<DX-l*is>X<DmmZEff3£T% 0 
[00 16] 

& 

(1-1) WMR£»JM(ciEOagf*)®flHft »<DJ»JW3 
<7>Sg2£ N IEOS«T^)<Dm3S¥. *LTiE©fflJJf*©JB 
4P©4-Q<DUVXf¥££U Rfi2S^JB4ff«»Ki 

*£T»&«tI\ BIUfMHMHitftfT?*-*** 
fidX-AUVXKfcl^T. E2SlS¥li^fc*fLTlH] 

^UVXEA^^SSTOSmiSWSggi^b f w s £ft 
ttfcfcnt*£fc<&ftMiS68i* f w<>: * 
3. 8<b f w/f w<5. 2 - (1) 

LTt>*„ 

[00 17] 

[*BH«»tttafl§flB] H 1 tt*8E0i*fiI|gS6flJ 1 <D£ 
AttTOUVXRIBISU H2~H4tt"*»W0BrtjllG»fll 

WOttfflWS«2©lM«IW>l/>XWBIB, E6~E18 

ii*«B^(Dafiiiis(i<5ij2<Di£ftjffi, aa^oiRs 



[0 0 18] $lc, I9 1 . 05<DSfil3tJS0yi. 2CDU 
VXWfiBflMtafco^TKWr*. HI. ESlCfcO 
T. L 1 liiE(0®»f73©m 1 t¥> L 2l4&<D®Jff730)m 
28k L3l*IE<DS*/f7D0m3S¥, L 4 liiEOStfTTJ") 

»4S?**. spttHPttyw&y, m3i¥L3080 

K *LT7-r;U^-9©^7X7*Py^r**o I p 

[0019] *sm^«R?»j£Ati»6aaaKNOSffi 
k, mfeiz&o®w%mzn4&zviim\iz{}iw<Dm& 

**L"3-3»Ui**Tll|jELT^*. 
[0 0 2 0] X, «4S*3fclU»Iil*-l*T:7*-»X 

IMffQXttOdHM a ££*g<Dl&lg4 b 

m»t ifiE»4Mtlc7 *-t)X LTV* t *<Dl£fciSfr 

6Ha*rs©s»sicfls5i»o«iBfflBi*«jEr*a©» 
<r*»u:jii 1 »*»»oB«=»iii*ttT*.aL\ 

[002 1] *«ttm»Cfe^TI*»4»*»»*-ttT 

*T7*-*X*ff3J:3lcLTV*. ttKRIiaottlt 
4 a , 4 b fcflW J: o (cMttfrSBBfl^eXftlcM 
LT»(*«KNfli«<DW»**-r * £ 5 iclMHia-tf-ZV 
So CftlcJ:y*3W£«4»£©ffi«©^«JB*IB 

y u>x£S0js8ffc*»»wic*SLT^*. 

[0 0 2 2] *WKB«lcfet%T» fl*J*Bai|£&^ 

IHEKDiUg 4 c (cmr <fc 5 ICS 4 »J Bf C 

(hlCfcy^oT^-So 

[0023] *Jtttflgtt?lift 1 ff (OS: < t 1 

fc y feiB»*fi»JE»iE LTt^*. 
[0024] SI P^E^f^^S LT'SSfB (U> 
X) ©*TftiD»*®ILJ:5tr*t, UVXOtt» 
*«*r*», * J 6.*<«fJi«»»^X<Dffid««fi 5 4 
C©«t3*#5Xtttt, fi<J^tfFK0l (Afi 

[0025] me* HR*«tar*»fsox-^uvx 

j±»u uvx©a*i 5 **<**cttf^fc»» u> 
xomntkH^rt i^yx^wommmx. ki« 

[0 0 2 6] JBlSlcEHWtt**? 
.iT6«il!*-pfl!)ffl«3l»aa8 (7^)W-SOfCT® 



1 



(4) 



2000-1 21 940 



fi*MasLfcfc*©E*) bfwtf*#3S (1) 

[0027] ■ji*«ar*tr*u>x©»^ «n 
ic« y aT*fe*»«tr *fc«6oy y x^tfs&sicft 
-*xtfs<ayr^ xyx^*xn*2Wtf*-i-# 

KftoTL$5. (1) ©±fg£±Is)S£: 

>X<!:ftoTL$3. 

[0 0 2 8] *0SS0Kefcfctt*0»rft3Sf& : FM\ *□ 

^57-< tn^m* (hoe) 0>Hft¥3r?ft« y v 

WtlWI-V—t-fT* "JtTs (B I NARY OPT 
I CS) T-SttLTfcS^o Z0>mtS. BK0»Wb»* 

[0029] *it*mmm\ziB»*iBNiw&&<m 

mt: (dM) *A» #38fr5©S§8t£h, ffi 

*I£<P (h) tLfctS 

<p (h) = 2/r/A (C2 • h 2 +C4 • h4 + - -C 
(2i) ' i • h2i) 

[0 0 3 0] *58W©I«i:r*X-i»UVX«:JJ(±© 

[0031] (7-1) man i fM»iuuai* f i ( i = 

1. 2. 3. 4) tLlttGs 

0. 3 1< f 4/f 3<0. 4 5 - (2) 

ft**fr*aiffi*-*z:£?**. 

[0 0 3 2] IfcftA (2) O±H*±0*Bif*3»0 

mnnfm < ft y r ** t u>x«&® £<ues?-©s§ 

ttWKfty. XyXAIf©^gB«^}fXT¥ft<ft 
So ttlC (2) QTH*Tn«IZ£X3IM>B 

»*tf»< ft y r**t uvx«HBi«BB*T©rai 

#*<fty» SStLTUVX^*©^*^, 
4L7ffilM»#©lSl^>X4ftoTL3:3„ 

I 0. 5 7 9 7- C21 + Z (1 / 

ft**ft*3t£f*Otf a* Ll\ 
[0 0 4 2] **3 (4) TI*fl!llElC||LTraf%¥ 

SaWiiET £> /c46©£#T*35 ft. 
[0 0 4 3] HttKH»f3W6*07''y^* (#»fil) tt 
d. C. F«©S&«K33ttft/ISr*l*Nd. NC. N 
FtLfct* 

vd= (Nd-1) / (NF-NC) 



[0 0 3 3] (7-2) m$i®ifiK&m¥ltlE<D®m-hZG 
[0 0 3 4] WlWttiE©JBWWJ**LT*sy» flfflC 

3Rt«a-r*fe«*fl«rai;»cftoTL*L\ @lff3tt¥il6 
?fc**6*U»*!Wll1\ Jtt***«T+#fteiR« 
fl!)»iEtftT*ft<a*. 

[0035] (7-3) Huiam 1 8©ft&SgIt* f K £33 
l|(c&tt«£X4>«jaEM*f TiTfttfN 
[00 3 6] 
[«2] 

f 1 

1. 8<==<3. 2- (3) 
VfW- f T 

ft«*fr*WE** E 
[0 0 3 7] (3) ©Tffl«T0SB£*1»O 

*lsltf HSMK^T-HMTSaiT C fctfTSft < ft »J . ft 
^^«T+»ftfeiRS©fflim7jlft<ft«. X. 0 
Sr3tt£*?©mStfH«;:ft«. ffifc, fcftit (3) © 
±H*±E«K£* 1 WflWH8Wj*H<T* titanic 
fc it * a" •> -7 7 * - ts x &m < ft y T s> x y X 1*9 © 

3^e«5«*»Ar*/-c46©ffllH^+»tEft«. 
[0038] (7-4) m 2 Wl*«ttfl£ y MlOft < 4 «t 
2«{©feUVXt1tt©iEUVXs *LTHU>X£W 
LTfftCt^fcft. 

[0 0 3 9] (7-S) J!3»l*1«*«J:y)WEy=X3!lX 

[0 0 4 0] (7-6) W4»l**W*fllJ:y)IKiEU>X» 

SLTVftCtT-Sft,, 
[004 1] *58WlcfeOT» 1 P7+^ftfeiRSffiIE 
tffifeftftfcttfcttS 1 gf©-r^T©u>x©, JK£E 
Wftlf^y^i^tlfftf 1 K v 1 i ( i = 1 , 2 

••••), mi«f©a»f3t¥«?©2^©«a«C2it 
fftts 

(f 1 i • v 1 i ) } I • f 1 

<9. 8X1 0-3 - (4) 
[0044] -fcSSBfe^ITWMttMi v d (i d *, C 
*8. F*g©&iefi£/d, AC, AF£Lfc£$ 
\/d = Ad/ (AF-AC) 
TStftl, vd=-3. 4 5<»:ftft. 

[0045] $h\°imft¥m<o±$imzmzmi$)rj: 
1 imft%o)mif\ftty\tmfi%sm<»w&*m.?m.* 

y2*fl|©flW*C2 tLfci:* 
</> = -2 • C2 

ts?ns„ 



(5) 



2000-1 2 1940 



[0 0 4 6] &%®T°%&TZ&)ISimt<p/viZikmt 

-2 -C2 / (-3. 45) =0. 5797 - C2 

[0047] %tcmffift¥&TM C ©ftli 
I 1/ (f • v) 

ftoTZ©ffltfOlCjfilMS£*-©?¥©fti|xeffi 

[0 0 4 8] *ft£C (4) ©85Brt£8;tTL3:3<!:3fl 

£ •?©?£< &l\ 

[0 0 4 9] ^^tt?£^Tl>«l3&r%¥X?«>tt 

at LTi*H9^-r 1 m<r)*j?*-umz.<r> i jum 

$©*,©-£>, 01 2KijVfJ;d&& : ?JI©M&* (Xli 
IB-©) 2 0©«*»JlLfc2JitiJ$©t©l?jW§fflRj 

[0 0 5 0] El 1 0 ttH9 KaiTElSrft^JIS? 101© 

«f3t**?l 0 l©8ffi£ti, W*1 0 2«>$llKattMl 
MUM*** U M&SKsftft 5 3 0 n mV 1 *BSt 
)fc©l5»T»*#1 0 0%i:73:«<J:-5S*S : f)SdcDei 0 
3£ffMLTl^o 

[0051] ea 1 o tws *> x & £ 5 icrnxftoiMfn 

*f*S9fbin:2ftft5 3 0 n mfrSII*l*fcfl£oTfiT 
U -3MW3WtBffi«fl!)*»OO*0»fJttt 2$ISffifft 

©l«Wtt7U7t»y, 3^&©fi?®lt©ffiTK^fctf 

[0052] El 1 1(cH 9 0>tt?fl?R?SfiXafl| 2 «• 
fML»HdOSIUI3ftttlcttr««IA&}TOMTF 

[005 3] EI1 2(c^T2-?0!>J|1 04. 1 0 5^8 
1 lfcM&[0>IS&ffl»MR?a> 1 *H»r3W>ig»f«»0 

[ 0 0 5 4 ] El 1 2 TttS« 1 0 2 ±f CKMHIftaUl 
(nd = 1. 499, v d = 54) 6>6S«mi Jil 0 

(1/R) H 2 

X — 



4«BtfU *a±(b8ijO**MHEft*Ui (n d = 1 . 
598. v/ d = 2 8) fr6&*M2Sl 05 £mfi£LT 
COD«fl©«l*^to^T*tt. $1110 4©*fr? 
Hd1f*d1=13. 8 M! 2 ©Jf 1 0 5 ©te?JS 
d2tid2 = 10. SpmiiLTL^o 
[0 0 5 5] El 1 3&6ft*»SJ:3[CfMfflt©l2l8rft 

[0056] Ei i 4 (cm 1 2 ofim^KTttMKffi 2 

«aM»fl)MTF»«»*tl» WH^MTFWStiWStl 

So 

[0057] tt& i>aowi«aoia9fjmt7&L 

T» ttR*«W««fk«iBtc|BSr*t.©T«:4<, ft 
O^Xfv^WtfflBTSlU «**(;: J: oTl*3? 
1©!1 0 4*B»W*lcJBj8LTt>Jll\ *fc*tt? 

oTttEII 5tc5Vf *5lE20©11 0 4<h1 0 5©*S 

[0 0 5 8] £©!§£«:, mfft¥X¥<D9mW&ffi 

[0059] *ic*inB0MitiM*ffir. rusk 

flllcfc^T r i «%rt*<IJ<fc UHltm i Sa©UVXH© 
d ltttt(MI)J:UM(cffi»gOUVXli» 

©U>X©#5X©B8T$£7 7 'y^&T'£So itilB 

[0060] NanB»ttu:3Wc»nisxik fttttss 
k, b, c, d, e, FZ&wmmmitLtztz. 

[006 1] 
[»3] 



(l+K) (Y/R) 2 



+BH 4 +CH 6 +DH 8 



ft*SCT«LT^«. X TD-OXj it ri 0-Xj «ft 



[0 06 2] 

W1] 



(6) 4fgfl2 0 0 0-1 2 1 940 



mmmi 

1= 4. 232~68.30 f no=l : 1. 65~2. 70 2<u=59. 1° ~3.78° 



1= 
2= 
3= 
4= 
5= 



7= 
8= 
9- 
10= 
11 = 
12= 
13= 

15= 
16= 
17= 
18= 
19= 
20= 
21 = 
22= 
23= 
24= 
25= 
26= 
27= 

it 

30= 
31 = 



57.412 
31.453 
-403. 636 
28. 456 
72. 467 
43. 987 
6.581 
-23. 235 
40. 596 
13.315 
-23. 536 
-18. 833 
35. 573 
0. 



14. 736 
53. 187 
50. 460 
15.929 
21.245 
87. 076 
49. 795 
16.491 
26. 823 

OO 
00 
OO 
OO 
OO 
OO 
OO 
OO 



d 1= 

d 2== 
d 3= 
d 4= 



dlO= 
dl! = 
di2= 



1. 27 
4. 28 
0. 15 
I 47 

68 

2. 69 

0. 60 
0. 
2. 
0. 
0. 



22 
60 



dl4* 1.81 
dl5= 0.76 
dl 6= 1.47 
dl7= 3.45 
dl8=*I£ 
dl9= 2.78 



d20= 
d2i= 
dZ2= 
23= 
24= 
25= 
d26= 
d27= 
d28= 
d29- 



1.27 
0. 75 
3. 38 
1.50 
1.50 
3. 00 

0. 61 

1. 20 
15. 00 

0. 43 
0. 60 



a 1=1. 86504 
n 2=1. 60548 

n 3=1. 69979 

n 4=1. 88815 

n 5=1. 83945 

n 6=1. 85504 

D 7=1. 71615 



v 1= 
v 2= 



23. ! 
60.1 



n 8=1. 

n 9=1. 

nlO-l. 

nll=l. 
nl2=l: 



77621 

58547 

58547 

85504 
48915 



nl3=l. 51825 



Dl4=l. 
nl5=l. 
nl6=l. 
nl7°l. 
nl8*l. 



55219 
52180 
59143 
55219 
51825 



v 3= 55. 5 

v 4= 40. 8 

v 5= 42. 7 

v 6° 23. 8 

v 7= 53. 9 

v 8« 49. 6 

v 9= 59. 4 

*10« 59.4 

Ml= 23.8 

W2= 70.2 

*13" 64.1 

vl4= 60.0 

^16= 69.0 

i>16= 61. 2 

vl7= 60, 0 

*18= 64.2 



3B 



cl2 

-1. 05056D-04 



cU 
1. 47691D-08 



K 

17B 2.43773Df01 
19® 5. 86641D-01 



B 

-7. 41861D-05 
-4. 45603D-05 



-!. 29937D-07 
3. 20420D-08 



D 

-6. 85405D-10 
-5. 55824D-10 



§111 


4. 23 


14.25 


68. 30 


d 5 
d 13 
d 18 


0.70 
29.71 
17. 48 


17. 63 
12. 78 
14. 19 


28.91 
1. 50 
17.89 



[00 6 3] 



(7) ^2 00 0-1 2 1 940 



mmmmm2 



f= 4. 232~76. 30 fno=l : 1. 65~2. 75 2cu=59. 1° ~3. 40° 



1= 
2= 
3= 
4= 



7= 
8= 
9= 
10= 
11= 
12= 
13= 



14= 



62. 8E9 

35. 283 
-471. 748 

31.366 
79. 199 
39. 378 
7.031 
-26. 052 
37. 405 
13. 676 
-26. 779 
-18.560 

36. 374 



15 
16= 
17= 
18= 
19= 
20= 
21= 
22= 
23= 
24= 
25= 
26= 
27= 
28= 
29= 
30= 
31= 



-14.524 
-51.910 
50.719 
-16. 161 
22. 176 
-98. 935 
46. 836 
16. 783 
-29.194 

CO 



1= 1.27 
2= 4. 28 
3= 0. 15 

J- « 
6= Q.\ 



7= 

8 ! 

dlO- 
dll= 
dl 2= 



2. 80 
0. 60 
0. 45 
2. 33 
0.22 
0.60 



dl3=l>f& 
dl4= 1.81 
dl5= 0.75 
dl6= 1.47 
dl7= 3.45 
dl8=l»J#; 
dl9= 1.78 



d20= 
d21= 
d22= 
d23= 
d24= 
d25= 
d26= 
d27= 
d28= 
d29= 
d30= 



1.27 
0. 75 
3. 38 
1.50 
1.50 
3. 00 
0.61 
1.20 
15. 0 
0. 4 
0. 60 



n 1=1.85504 
n 2=1.60548 


u 1= 
u 2= 


23.8 
60.6 


n 3=1. 69979 


* 3= 


55.5 


n 4=1.88815 


v 4= 


40.8 


n 5=1. 83945 


* 5= 


42.7 


q 6-1. 85504 


* 6- 


23.8 


n 7=1.71615 


v 7= 


53.9 


n 8-1.77621 


" 8- 


49.6 


D 9=1. 59143 


u 9= 


61.1 


nl 0=1. 58547 


^10= 


59.4 


Dl 1=1. 85504 
Ql2=l. 48915 


1/11= 
^12= 


23.8 
70. 2 


nl3=l. 51825- 


H3= 


64.1 


nl4=l. 55219 
al5=l. 52180 
nl6=l. 59143 
nl7=l. 55219 
nl8=l. 51825 


i/14= 
i/15= 
t/16= 
i>17= 
1/18= 


60. 0 
69.0 
61.2 
60.0 
64.2 



cl2 

3E -1. 19240D-04 



Cl4 
5. 47194D-08 



mmm. 

K 

17ffi 2. 48557D+01 
19ffi 8. 26306D-01 



B 

-7. 14143D-05 
-4. 193E1D-05 



-1. 33E82D-07 
4. 80518D-08 



D 

-7. 14167D-I0 
-7.08481D-10 



sin 


4. 23 


14. 84 


76. 30 


d 5 
d 13 
d 18 


0. 70 
33. 13 
17.62 


19. 70 
14. 12 
14.00 


32. 37 
1.45 
18.01 



[0064] 



181] 



(8) 



1#M2 0 0 0-1 2 1 940 



5-1 







»mmmm 


(Ob fw/fw 


4. 46 


4,59 


(2) f 4 / f 3 


0. 366 


0,370 


(3) f 1 


2. 49 


2. 58 


(4)0. 5797-C II +2{l/(fl 1 ti/HUh f 1 


4. 75X10" 3 


2. 22XI0" 8 



[0065] 

awiicst&sfHBaicbfcy. xfflnaiMtftea 
inX-a u>x* iifiE-rs c t&TZZo 

[0 0 6 6J W-2) 4f¥^'TX<D l J^-7*-A^jC(D 
iRM^giEL-Pomil¥0U>XteS*^MU U>X 

£«®/.hSMMr»8u from 1 ffsiutbrs*** 

fc, £ft«fr5SiS«fcM*££efBHfcfcfc »J BiSffc 

*3t*itiB**r */ w ^7* -ax©ftv y +-7 * 
-*xsc<dx->z» i/>xeii«- * ~ £ 
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